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 6.5 meter SPM telescope 
(Magellan inspired)

SASIR Vision in a Nutshell

• site: San Pedro Mártir (SPM), Baja California
• Filters: Y, J, H, K (3 dichroics)
• Detectors: 124 2k × 2k IR arrays
• ~1.05° diameter field of  view

➡ 2 sq. deg. on-sky
• autonomous/robotic surveying
• Survey: cover entire sky in ~2-3 months; 4 
year survey

๏“shallow” (~2.5 π; 6-12 visits)
๏“medium” (0.5 π; ~200 visits)
๏ “deep” (~1000 sq deg; 103+ visits) surveys

• on sky > 2017
• $150-200M (30% contingency)

New Phase Space: 
Aperture + wavebands + Field of  View + Time



- Unveiling the Lowest Temperature Neighbors:
finding the local brown dwarf  & Y dwarf  population 
   (candidates for exoplanet imaging)

- Probing the Epoch of  Reionization w/ Quasars
- Multi-messenger Probe: 

Gravity Wave & Particle Counterparts
- IR cosmology/distance ladder: 

supernovae, RR Lyrae, Mira, etc.

SASIR Impact Across Astrophysics
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 - Large Millimeter Telescope (LMT)
 - discovery engine for GTC, Keck, GSMTs, JDEM
 - high-resolution dust maps (esp. in the Galactic Plane)
- adaptive optics grid 
 - photo-z improvement over optical-only (e.g. BAO)

Synergies{



Project Overview

[stuff  we’re sure about]



Mirror Casting

- Began in summer 09 (after ~11 years)
- High temperature phase (Aug 09)
- Figuring and Polishing (2010) → SPMT

inside the ovenoutside the oven
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Seeing...

Conan+02V-band



J. Gonzales



SPMT/SASIR site

1.5m/RATIR site

2.2mEN
Sept 2009

SASIR site = LSST Testing site

[6.5m aluminizing mirror & facilities 
upgrade requested from UNAM]

Site Selection & Observatory Development



Reionization & Transients 
Infrared (RATIR) Project

IR detectors

optical detectors

Science driver: 
OIR time-domain

rapid follow-up/monitoring
(e.g., GRB photo-z’s)

http://ratir.org
Nat Butler (UCB), PI

2010-2012

• UC/Mexico collaboration building
• Grow on-mountain expertise in robotic 
telescopes
• Gain in-collaboration experience with 
vendors, IR design
• Build expertise with modern IR imaging 
systems (here, H2RGs)

•Rapid deployment on 1.5m at SPM
➡ Mar 09: CDR
➡ Fall/Winter/Spring 09/10: construction
➡ Summer 10: first light 

Funded by Goddard and Mexico with minor support from UCO, 
has a very short fuse.



Project Overview

[stuff  we’ve been thinking about]
Pre-Conceptual Design
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étendue-couleur© (m2 deg2  × number of  simultaneous bands)

Comparison to Other Surveys



Comparison to Other Surveys

other survey data compiled by D. Stern (JPL)



VLT/ISSAC (GOODS) [Retzlaff et al. 2008]2MASS  [Skrutskie et al. 2006]

2MASS SASIR

K-band Imaging

Comparison to Other Surveys



      Discovering the High-redshift Universe 

J. X. Prochaska+09
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theories; driving advances in the properties of cool atmospheres; and guiding direct detection strategies
for exoplanets. Testing models of BD atmospheres, and identifying true analogues to directly detected
exoplanets (e.g., Formalhaut b, Teff ≈ 500K; [37]) will require detailed studies of BDs cooler than those
currently known (Teff ≈ 600K).

The UKIDSS [45] and Wide-Field Infrared Survey Explorer (WISE; [20]) surveys should detect the
first Teff ≈ 500K brown dwarfs within 10 pc (Fig. 2), but deeper optical/NIR surveys are required to
extend samples to lower Teff and beyond the local neighborhood. SASIR will provide a 100-fold increase in
sensitivity over current NIR surveys, facilitating the detection of 1000K brown dwarfs out to 1 kpc (sampling
the Galactic scale height of BDs), 500K brown dwarfs out to 100 pc (a 1000-fold increase in sampled volume
over UKIDSS) and 300K “water-cloud” brown dwarfs out to 10 pc. This will help complete the census of
stars and BDs down to the lowest masses in the immediate Solar Neighborhood, while sampling the
density structure of brown dwarfs far from the Galactic plane. The multi-band and multi-epoch detections
with SASIR, optimized in cadence for parallax discovery and proper motion studies, in conjunction with
single-band detections and upper limits from WISE in the mid-IR and LSST in the optical, will enable
robust color- and motion-selection of sources for efficient spectroscopic follow-up with GSMTs and JWST.
Expansion of the local census will also enable direct imaging searches for Earth-mass exoplanets and other
companions with next-generation high-angular resolution facilities. A. Burgasser (Associated Professional)
will lead the Local Solar Neighborhood scientific development effort during conceptual design.

Figure 3 Predicted surface density of quasars (solid

black line) per 1000 sq. deg as a function of limiting

magnitude assuming a double-power law luminosity

function with βl = −1.64, βh = −3.2, with M∗
1450 =

−24.5 and 6 × 10−10 Mpc−3
quasars brighter than

M = −26.7 [23]. The curves assume a number den-

sity evolution ∝ exp(−0.43z). The dotted lines in-

dicate more optimistic and pessimistic assumptions on

the number density and redshift evolution. The vertical

lines indicate the magnitude limits of UKIDSS, VISTA,

and SASIR with the number of detections given the pro-

posed survey area in parenthesis. Only the SASIR sur-

vey will have the depth and sky coverage to provide a

meaningful sample of z > 7 quasars and have a real-

istic chance of detecting sources at z > 10.
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2.2 Probing the Epoch of Reionization with Quasars

With no in situ observations, the objects responsible for the reionization of Hydrogen beyond z ≈ 7 span a
wide range of theoretical possibilities [49, 55]. The consensus is that bright quasars (QSOs) have insufficient
number density at z > 5 to drive reionization [e.g., 25], but AGN remain the only extragalactic source known
to have high escape fractions of ionizing radiation. Surveys for z > 5 QSOs have observed the brightest
sources, leaving the faint end of the luminosity function mostly unconstrained. If the faint end steepens
(as for high z galaxies in the UV) or if entirely different classes of AGN [e.g. mini-quasars; 46] exist
at early times, these would contribute to the extragalactic ultraviolet background at z > 5. Independent of
reionization studies, surveys for z > 6 QSOs are also valuable as tracers of the growth of supermassive black
holes (BHs) that populate modern galaxies or as signposts for follow-up studies of early galaxy formation [1,
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left). The enhanced accuracy for galaxies across the Northern sky will greatly improve the returns on weak
lensing and baryonic oscillation experiments with wide-field optical facilities [21, 32, 57, 73].
Galaxy Evolution and High-redshift Clusters: A frontier endeavor for the next decade will be to determine
the progress of nascent galaxies as a function of local environment as they proceed from the “blue swarm”
of small star-forming objects at 2 < z < 3 to the well-defined red sequence of massive galaxies seen in both
galaxy clusters and the field at z < 1 [34, 44, 64]. The appearance of the red sequence will probably spread
from the high- to low-density environments, such as groups, before becoming established in the field. Such
a study requires identifying the full range of environments at z > 2, through wide-area imaging, since halos
of mass M > 1014 M⊙ are exceedingly rare at z > 2 (Fig. 5, right).

Figure 5 (Left) Simulated photometric redshift accuracy for early (red) and late-type (blue) galaxies. Dashed lines show the
expected performance of LSST/Pan-STARRS4 alone. Solid lines include NIR data from SASIR, which vastly improve accuracies at
z > 1. Simulations assume a 4% floor to these accuracies [9]. (Right) Expected cluster demographics by mass in two redshift
regimes. Finding the rarest massive clusters requires a wide-field near-IR imaging survey so that galaxy populations at z > 2 are
selected at rest frame wavelengths.

J. Bloom (PI), D. Poznanski (Associated Professional), and P. Nugent (Associated Professional) will co-lead
the IR distance ladder effort; A. Stanford (Associated Professional) will lead the photo-z, galaxy and cluster
evolution science development.

2.4 A New Phase Space for Transient Discovery

Deep multicolor synoptic monitoring on hundreds to thousands of square degrees on minutes to months
timescales would break new ground in the infrared, opening up the potential for totally new classes of objects
found by IR variability. There are indications that exploration in this space phase will be fruitful [e.g. 43, 71],
particularly relevant to “multi-messenger” astrophysics. Indeed the explosive events which dominate the
high-energy sky — involving compact objects such as neutron stars (NSs) and BHs (BHs) (of both the stellar
and supermassive varieties) — should produce long-wavelength signatures (Fig. 6). Motivating the need for
wide-field monitoring, TeV gamma-ray Čerenkov telescopes and neutrino detectors will localize events only
to degree-scale accuracy. Likewise, Advanced LIGO and LISA are expected to localize degenerate object
merger events through gravitational waves (GW) with, typically, one-degree scale uncertainties. Much of the
science extracted from these new windows on the universe will require the identification of electromagnetic
counterparts, which would yield the redshift of the host galaxy and enable their use as standard sirens for
cosmography [41, 60] [3]. Little is known of these signatures but indications are that the IR is a valuable
window [Fig. 5; 3, 30, 31, 53, 59]. As such, SASIR, with its rapid access to deep wide-field imaging is a
promising tool.

Finding Massive Clusters beyond z ~ 1.5

Stanford et al. 2005 (ApJ, 634, 129L)

z>2.5

z>1.5
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Galactic Structure at low b

- RRLyrae, Cepheid, Miras 
through the Galactic Plane

Galactic IR Time-Domain

Local Distance Ladder Calibration

- dust mitigation

- pulsation-luminosity relation (theoretically) 
less sensitive to metallicity so maybe more 
standard

Low-Mass Eclipsing Binaries
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Extragalactic IR Time-Domain

Luminous Transient in NGC 300 5
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Fig. 1.— BVRIJHK light curve of the NGC 300 optical transient. SMARTS 1.3-m data are shown as open and filled circles; Bronberg
discovery observations and the pre-discovery detection are shown as crosses (these broad-band magnitudes are close to Landolt R), and the
downward arrow on the left shows the upper limit in 2008 February.

• new class of  
red novae 
• MK(peak) = -12 mag
   SN 2008S
   NGC300-T
   M85-T
   UGC 2773-T
• timescales between 
SNe & novae 

Bond+08

Text

Possible origins:
LBV-like, electron capture SNe, dust 
enshrouded SNe, luminous mass transfer 
event, eruption during WD formation



Wood-Vasey, Friedman, Bloom et al. 2008

Extragalactic IR Time-Domain

Mandel+09

Type Ia SNe looking 
rather standard in the 
IR
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Figure 4 (Left) IR light-curves obtained with PAIRITEL of SN 2007aa. (Right) Distance difference between two pairs
of SNe that were observed in the same host galaxies. The difference is shown in σ units, as a function of the assumed
RV . Since we expect the SNe to be at the same distances, being in the same host, the differences should be consistent
with zero. A value ofRV = 3.1 (dashed vertical line) is rejected at more than 4σ. The gray area marks the 1σ interval
preferred by the full sample of SNe II-P. These two pairs of SNe, as well as the full sample, favor a low RV dust model.
From [118]. We expect IR information for a significant sample of SNe to help resolve this mystery.

IGM: see §4.3) out to well beyond z > 5, when dust properties are likely to differ substantially from
the present day [95]. As illustrated in Figure 5, we have undertaken a systematic campaign to measure
extragalactic dust using GRB afterglows, making use of concurrent observations from 1600 Å (UV) to 2 µm
(IR). As described in §4.3, we propose to expand such efforts making use of a new instrument that we are
now building.

4.2 Pushing into the Epoch of Reionization

The epoch between the formation of neutral hydrogen (z ∼ 1000) and the highest redshift quasars (QSOs)
observed (z ∼ 7) saw a number of milestones for the early universe: the first stars were formed, the first
galaxies were assembled, and the first massive black holes were created. We know from absorption line
studies of z > 6 QSOs that the (re)ionization of hydrogen was very nearly complete by z ≈ 6 (see [6, 43,
137] for some cautions). However, based on polarization studies of the cosmic background, reionization
appears to have started much earlier (z ∼ 11) [37]. The details of the history of reionization, including what
sources contributed to the reionization in that crucial era, remain a mystery. Perhaps the universe remained
partially ionized from z ∼ 11 to z ∼ 6. Perhaps the universe was reionized at z ∼ 11 by one set of UV-
emitting objects, then became neutral as those sources faded, then was ionized again after the emergence of
new UV-bright sources [29]. The likely culprits responsible for reionization are population III stars (the first
generation of stars) [153], mini-quasars [93, 132], and/or dark matter annihilation [97].

Since prompt X-ray and γ-ray emission of GRBs are not attenuated by gas and dust, GRBs, if they
originate from massive stars in the early universe, should in principle be detectable from within the reion-
ization epoch. Indeed, several studies have shown that the relevant GRB discovery instruments (Swift [55],
Agile [141], Fermi [113], ECLAIRS [129]) do have appreciable detection sensitivity for GRBs at high red-
shift. While there are large uncertainties in extrapolating the GRB redshift distribution (such as the assumed
star-formation rate and high-energy spectra of GRBs), we do expect that at least a few percent of Swift and
Fermi GRBs should originate from beyond z = 7 [23–25, 30, 60, 84, 115]. In fact, the recent discoveries
[52, 61, 64, 75] of z = 6.29 and z = 6.7 GRBs, as well as the highest known redshift object (GRB 090423

Extragalactic IR Time-Domain

Type IIP in the 
optical also look 
good, but unknown 
in the IR...

Pilot Program
w/ D. Poznanski, 
Adam Miller,
Michelle Kislak



Developing the SASIR Science Case 4

13]. In the next decade, it will be possible to determine the nature and role of QSOs during reionization

with SASIR as a major contributor.

QSO searches in the reionization epoch are challenged by three effects: (i) cosmological dimming; (ii)

low number density; and (iii) their extremely red color. Thus, high z QSO surveys require deep near-IR and

optical imaging over a large area of sky. While SDSS and 2DF (and the upcoming Pan-STARRS project)

provide large areas of optical imaging, no project has achieved comparable depth and area in the near-IR. The

nearly completed UKIDSS and the upcoming VISTA surveys should increase the current samples, but these

programs also lack sufficient depth and/or area to meaningfully constrain the QSO population, especially at

z > 7 (Fig. 3). A systematic study of AGN during the reionization era requires the survey characteristics of

SASIR. At z ∼ 6, such a survey would establish the QSO luminosity function (surpassing even LSST for

reddened AGN) and would trace the first, brightest sources at higher z. J. X. Prochaska (PI) will lead the

quasar and high-redshift universe development effort during conceptual design.

2.3 The Cosmic Distance Scale, Dark Matter and Dark Energy

An IR View of Periodic Variables in the Local Universe: Pulsating variable stars [68] are preeminent

distance indicators in the local universe. When RR Lyrae and Cepheids are used, however, unmodeled

dust and metallicity effects manifest directly as uncertainties in cosmological parameters [7, 65]. SASIR

would allow for precise calibration of the period–luminosity (P-L) relation of these two classes in the IR,

largely skirting the problems with dust (and potentially metallicity [63]) which complicate similar efforts

at optical wavebands. Multiple observations at random phases would build an unprecedented calibration

of the P-L relations and should provide a significantly clearer view of Galactic structure than LSST at low

Galactic latitudes. Moreover, the IR calibration would enable the GSMTs to measure precise distances well

beyond the Local Group and fix the rungs of the cosmic distance ladder out to ∼ 25 Mpc. Mira variables,

promising new distance indicators, would also be observable with SASIR to ∼4 Mpc with what appears to

be a metallicity independent P-L relation [26].

Figure 4 Expected SN counts for
two types of surveys with SASIR: a
rolling search with weekly cadence
(left), and “all-sky” monitoring ev-
ery two months (right). The num-
ber of SNe in the different surveys
is inversely proportional to the light-
curve information we will have for
each SN. The samples are comple-
mentary and both have cosmologi-
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Infrared Supernovae: Type Ia supernovae [SNe Ia; 35] are better standard candles in the IR than at optical

wavebands [69] and minimize systematic effects that plague Ia optical cosmography. Type II-P SNe are

an emerging distance indicator (e.g., [58]) recently shown to be almost comparable in precision to SNe Ia

([54]), and could be even better standard events in the IR. In addition to cosmography, searching for SNe in

the IR will improve our understanding of their rates (largely circumventing dust effects) and hence constrain

their diverse progenitors. Using optically determined rates alone, SASIR will detect more than 10
6

SNe

during the four-year survey (Fig. 4).

Photometric Redshifts for Weak Lensing and Baryonic Oscillations: Wide-field IR photometry provides

a compelling improvement in the photo-z measurements of galaxies, especially beyond z ∼ 1.5 (Fig. 5,

Extragalactic IR Time-Domain

D. Poznanski

we expect a huge net of  SNe
1 yr, 45 epochs 1000 deg2



IR Transient Universe: Explosive Systems

Enrico Ramirez-Ruiz



Gravitational Wave & Neutrino Follow-up
E&M connection to the next generation observatories

Advanced LIGO Rate: 40/yr 
but localization accuracy ~10 deg2 radius

SASIR: unique 
FOV + aperture, 
well-suited to 
rapid follow-up 

advanced LIGO
(300 Mpc) LIGO

(30 Mpc)

NS-NS inspiral 
Volume



MBH-MBH mergers: 
Periodic transients prior 
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afterglows afterwards

EM event discovery (via time 
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MBH-MBH mergers: 
Periodic transients prior 
to coalescence, infrared 
afterglows afterwards

EM event discovery (via time 
variability) breaks the ~deg2 
GW localization problem

Schnittman & Krolik 08
Haiman+08

LISA localization

typical

best

worse
LSST

SASIR

GW chirp gives dL to 1% (@ 
z=1) + host redshift:
   new precision cosmology tool

BigBoss spectra of  LISA/aLIGO 
possible hosts?
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the call “Laboratorios Nacionale” was submitted to CONACyT (J. Franco, PI), requesting funds for the
upgrading of infrastructure at the site, in particular, a fiber optic connection.

Given this and several other funding opportunities (both private an public) in Mexico, we perceive little
“risk” in supporting the SASIR camera and survey design with its standalone set of deliverables (§ 3.3).
Costing and Overall Funding Structure: As SASIR is at the early phase of establishing the project, no
professional costing activity has been conducted. Some aspects of the total costs are beginning to become
clear (such as the focal plane; § 3.2). The present SASIR budget estimate of $176 Million (FY2009, includ-
ing a 25% contingency; see Fig. 10), running from 2009 to 2023, is partially based on the actual cost of
the Magellan telescopes and complemented with our best knowledge of present-day costs for the required
subsystems together with the expected management and qualified labor needed. Full costing will occur in
the detailed design phase. However, an explicit goal of each of the conceptual design exercises is to be-
gin to determine cost implications of various decision points so that we can enter the detailed design (and
associated fundraising activities) with a more grounded set of cash flow requirements.

Total 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

PRECONCEPT AND FEASIBILITY STUDY 0.25  0.25      

PROJECT DESIGN & ESTABLISHMENT 0.30 0.03 0.12      

SCIENCE DEFINITION 0.20  0.15 0.05     

PROJECT MANAGER 1.80 0.12 0.24 0.24 0.24 0.24 0.24 0.24 0.24

SYSTEM ENGINEER 0.85 0.05 0.10 0.15 0.10 0.15 0.10 0.10 0.10

CIVIL ENGINEERING (Dome & Building) 19.45  0.90 2.65 4.40 5.55 4.23 1.48 0.24

TEL. MECHANICS  (Design, Construction, Integration) 10.39 0.05 0.68 0.28 2.19 2.95 1.93 0.88 1.45

TEL. & WFC OPTICS (Design, Manufacture, Integration) 21.55  1.70 0.35 2.90 4.65 5.84 4.83 1.28

COATING &  AUXILIARY SERVICES 5.00    0.75 2.00 1.50 0.50 0.25

TELESCOPE CONTROL SYSTEM 2.35  0.08 0.18 0.33 0.43 0.65 0.48 0.23

SASIR CAMERA (Design, Manufacture, Integration) 50.23  0.15 0.73 5.53 7.85 10.00 9.65 16.33

SASIR SURVEY 28.15        1.28 4.77 4.72 4.77 4.72 4.77 1.63 1.53

TOTAL 15-yr PROJECT 140.52 0.25 4.39 4.75 16.43 23.82 24.49 18.15 21.39 4.77 4.72 4.77 4.72 4.77 1.63 1.53

Contingency  (25%)  35.13 0.06 1.10 1.19 4.11 5.95 6.12 4.54 5.35 1.19 1.18 1.19 1.18 1.19 0.41 0.38

TOTAL with 25% Contingency  175.65 0.32 5.49 5.93 20.53 29.77 30.61 22.69 26.73 5.96 5.89 5.96 5.89 5.96 2.03 1.91

Cash Flow (year 1 to 15) Millions of USD (FY2009)

Project Phase SCIENCE OPERATIONSPROJECT DEFINITION PROJECT CONSTRUCTION

 & UC, UNAM, INAOE  Partner Institutions

Financial Sources: Federal, Private & Partnership InstitutionsNSF, CONACyT Private, Federal &

Figure 10 Nominal costing cash flow organized in work packages. This is a summary of a more detailed pre-
conceptual costing exercise [6]. All cost and timelines will be refined in the conceptual design phase.

The current baseline is to fund the majority of the design studies from public funds (NSF and CONA-
CyT). Starting in Fall 2008, the SASIR collaboration began proposing for funding to US and Mexican
agencies as well as institutional and private foundations. We project that the majority of the capital costs
will be secured through private funding (including foundations) and that the operating and data-distribution
costs will be from US and Mexican public funds. We have begun development efforts in the US and Mexico
to target those who have not traditionally made philanthropic contributions to astronomy programs, but who
have strong interest in supporting collaborative scientific programs between the two countries.

4 Broader Impact

The synergy of the UC and Mexico has the potential to impact education at the university and K–12 levels,
to inspire the citizens of Mexico and Californians of hispanic heritage to engage in science, to forge new
relationships in industry, and to promote new scientific collaborations between UC and Mexico. With the
support requested, we plan to establish institutions through the SASIR project in both UC and Mexico that
will coordinate and promote these broader activities.
Post-Secondary Level: By its nature, the SASIR project is an ambitious observational program whose
data products will touch upon many areas of astronomical research. To enhance the impact of these ob-
servations, we will plan the establishment of a SASIR Theory Institute that will encourage collaborations
between scientists in Mexico and the UC. This will include prize postdoctoral fellowships and co-advised
PhD students that would split their time among institutions. The main objective of this proposed Institute
will be to improve our understanding of the evolution of the Universe from the Big Bang to the formation

Beginning of  Science Operations: 2017

(Pre-Conceptual Design) Schedule

a raft of  proposals to NSF, CONACyT, UCMEXUS



Funding

Design phases:  
       50/50 US/Mexico Federal Funding (90%)
       Institutional & Private (10%)
Construction phases:

Significant private funding (~70%), Institutional (5%), 
Mexican Federal (25%), US Federal (0%)
US partners responsible for camera ($50M)
Mexico responsible for telescope & observatory

Survey phase:
       50/50 US/Mexico Federal Funding (90%)
       Institutional & Private (10%)

As Proposed:



Summary

• The SASIR Survey would be a unique combination 
of  aperture + wavelength + time cadence

• Well-matched for the Mexican 6.5m telescope & 
community science interests/expertise

• Very likely will need more partners both technical & 
scientific

http://sasir.org






